Traumatic brain injury (TBI) often results in cognitive impairments that require investigators to consider language accessibility of survey instruments, clinical evaluations, and other research tools. We describe an iterative language validation process for the Behavioral Assessment Screening Tool (BAST) and BAST Spanish version (BAST-ESP), consisting of two phases: (1) achieving an accessible literacy level for English-speaking people with TBI and (2) translating, validating, and cognitively testing the BAST-ESP for Spanish-speaking people with TBI. Investigators recruited scientific experts and members of the target populations to adapt and test the surveys. Modifications to original survey instruments included simplified semantic structures, enhanced conceptual clarity, rephrased idiomatic expressions, and rewording to bridge cultural differences in linguistic connotation. Findings from participants in focus groups and cognitive interviews confirmed accuracy and ease of comprehension and informed further adjustments and content relevant to the specific target populations. We demonstrate the importance of a systematic adaptation and validation process to develop a lower-literacy instrument appropriate for people with cognitive deficits and to enhance the BAST-ESP beyond translation alone. This article, along with a previously published article about BAST content validity process, provides a road map for other investigators to conduct systematic adaptation of scientific instruments for low-literacy and non-English-speaking populations.
People with traumatic brain injury (TBI) experience unique cognitive deficits requiring investigators to consider language accessibility when developing and using selfreported measures, clinical evaluations, and other research tools. Yet, clinicians and researchers often fail to properly assess and adapt health information and study materials, despite it being recommended patient-centered care and ethical practice according to the National Institutes of Health (National Cancer Institute, 1995) , Institute of Medicine (Kindig, Panzer, & Nielsen-Bohlman, 2004) , and American Medical Association (Weiss, 2007) There is a well-known link between low literacy and adverse health outcomes, including timely receipt of care, communication with providers, and medication adherence (Berkman et al., 2011; Keller, Wright, & Pace, 2008; Zhang, Terry, & McHorney, 2014) . Low health literacy also affects the quality of health research if study materials are not adapted to accommodate people with limited capacity for reading comprehension and communication of ideas. This may result in erroneous conclusions about statistical differences, which may have been attributable to a lack of comprehension of the study materials rather than a true clinical difference.
The development process for the Behavioral Assessment Screening Tool (BAST) specifically addresses this gap in language accessibility for both populations with low literacy and cognitive impairment. Investigators developed the BAST for long-term monitoring of behavioral and emotional symptoms after TBI (Juengst, Terhorst, Dicianno, Niemeier, & Wagner, 2019) . To be effective as a community-based symptommonitoring tool, people must read and respond to survey items independently, magnifying the importance of language accessibility. The BAST was meticulously tested to confirm ease of comprehension and usability.
We previously described development of the BAST and how we established its content validity in English (Juengst, Terhorst, Dicianno, et al., 2019; Juengst, Terhorst, & Wagner, 2018; Osborne, Kauvar, & Juengst, 2019) . In this article, we detail the iterative language validation process for the BAST and BAST Spanish version (BAST-ESP) in two phases. In doing so, we highlight the importance of stakeholder engagement and language validation to develop a self-reported measurement tool through rigorous scientific processes and to meet ethical guidelines of patient-centered research.
METHODS

Phase 1: Adaptation for Lower-Literacy English
BAST content was derived from multiple previously validated outcome assessments measuring depression, anxiety, affect, behavioral dysregulation, aggression, coping, substance abuse, and fatigue (Juengst, Terhorst, Dicianno, et al., 2019) . The items selected for inclusion in the BAST scored at an aggregated 12th grade literacy level using the Flesch-Kincaid grade level test (Flesch, 1948) . Thus, the BAST developer (S.B.J.) rewrote each item to simplify the structure (e.g., removed double-barreled questions) and vocabulary (e.g., removing clinical jargon or high-level words) to make items more appropriate for people with cognitive deficits and/or low literacy. Rewritten items were further modified based on expert panel feedback (n = 7), focus group feedback from people with TBI (n = 11) and their family members (n = 10), and pilot testing with people with TBI (n = 162). The revised BAST achieved a Flesch reading score of 77.4 (equivalent to 8th grade), the level targeted by developers to be appropriate for adults with low-literacy (Flesch, 1948; Wang, Miller, Schmitt, & Wen, 2013) 
Phase 2: Translation, Language Validation, and Cognitive Interviewing for the BAST-ESP Adaptation
The content-validated, low-literacy English version of the BAST was the basis for the Spanish adaptation, termed the BAST-ESP (Juengst, Terhorst, Dicianno, et al., 2019) . BAST survey items and instructions were translated into Spanish by a bilingual native Spanish speaker, and then back-translated to English by a bilingual native English speaker. The original and back-translated versions matched 78% of the time.
Investigators submitted the original English and Spanish translation to the University of Texas Southwestern Medical Center's Spanish Language Validation Resource (i.e., "the Committee"), which includes both native and academically qualified bilingual staff trained in language validation. The Committee assessed the readability scores of the BAST and BAST-ESP using the Simple Measure of Gobbledygook (SMOG) test, which performs most consistently among common readability metrics in health care contexts (Gilliam, Peña, & Mountain, 1980; McLaughlin, 1969; Wang et al., 2013) . SMOG scores confirmed the low-literacy status of the BAST (9th-grade reading level) and the BAST-ESP (7th-grade reading level).
The Committee then reviewed the BAST and BAST-ESP to identify items for potential modification due to semantic, idiomatic, or conceptual concerns. Committee members, including the Spanish-speaking investigator (R.T.H.), met with the BAST developer (S.B.J.) to discuss concerns and recommend modifications to improve clarity and conceptual equivalence of both versions. A reassessment of literacy level after acceptance of the Committee's recommendations resulted in slightly lower grade level scores (8.8 English, 6.9 Spanish), improved readability, and greater semantic and conceptual equivalence.
Finally, the Committee validated completed language validation of the BAST-ESP using cognitive interviews. Cognitive interviewing is a more rigorous qualitative research technique for assessing participants' comprehension than traditional pilot testing alone (Berrigan et al., 2010; Carbone, Campbell, & Honess-Morreale, 2002; Lapka, Jupka, Wray, & Jacobsen, 2008; Willis, 2005) and is especially critical in adapting instruments from English to other languages (Berrigan et al., 2010; Lapka et al., 2008) . Interviews probed specific words, concepts, and semantic structures, pinpointed areas of confusion, and solicited suggestions for adding to and improving survey language and thematic content. We recruited four Spanish-speaking people (who were originally from Mexico) with less than a high school education to participate in Spanish cognitive interviews. All participants provided informed consent to participate in cognitive interviews, in accordance with the protocol approved by the Institutional Review Board of the University of Texas Southwestern (STU 072017-083 Juengst). Table 1 traces specific examples of and rationales for the language modification, translation, and validation process of the BAST and BAST-ESP, including (1) improvements in clarity, (2) rephrasing of English idiomatic expressions, (3) reduction in literacy level, and (4) conceptual equivalence.
RESULTS
English Literacy Adaptation Example
One original survey item intended to measure impulsive behavior asked participants to rate how often the following was true of them: "Thinking things through before acting (for example, consider finances before spending money). " This item was problematic for multiple reasons. First, it had a Flesch-Kincaid Grade level reading score of 11.7 (i.e., a 12thgrade reading level). Second, although the example of considering finances before spending money may seem potentially helpful for clarity, it could also lead a person to respond only to that specific example, particularly for people with cognitive impairments like perseveration and poor cognitive shifting. The item was initially rewritten in conjunction with the expert panel as, "I acted without thinking, " which earned a Flesch-Kincaid Grade level test score of 3.6. Members of the target population (i.e., people with TBI) recommended modifying the item to "I reacted without thinking, " as they believed this more accurately captured the intent of the item (i.e., impulsively reacting to something in the environment). Both items were then included in initial pilot testing, and factor analysis revealed that "I reacted without thinking" performed better (i.e., higher factor loading) than "I acted without thinking, " although the two were highly correlated. Therefore, we decided to keep "I reacted without thinking" in the BAST.
Spanish Language Validation and Cognitive Interviewing Example
For the original English item, "I used drugs for nonmedical reasons," the word "drugs," although pejoratively used for illicit drugs, was interpreted to include pharmaceutical medications by cognitive interview participants. However, the word "Drogas," in Spanish, primarily referred to illicit drugs like cocaine or heroin, not capturing off-label use of prescription medication as intended by the original statement. To better capture abuse of medications like oxycodone or codeine, Spanish cognitive interview participants suggested a separate sentence, "Usaba medicamentos solamente por gusto o para razones no médicas" ("I used medications just for pleasure or for nonmedical reasons"). This distinction between recreational drugs and abuse of prescription medication was then applied to the original English, improving clarity and equivalence.
We also asked cognitive interview participants, "What stressors, if any, may uniquely apply to Spanish-speaking populations?" All four participants felt strongly that Latino people faced certain stressors not represented in the BAST for English speakers, including immigration status, family separation, and social discrimination. In addition, "too much work" (i.e., long work hours) was cited as a more relatable source of stress than "loss of employment. "
DISCUSSION
This article describes two important processes in the development of the BAST and BAST-ESP: (1) developing or adapting scientifically validated survey content for lower literacy and/or cognitively impaired English-speaking populations; and (2) using a systematic language validation process and cognitive interviewing to enhance the cultural appropriateness and the semantic, idiomatic, and conceptual equivalence for Spanish-speaking populations beyond Spanish translation alone. By enlisting Spanish speakers to participate in validation of the BAST-ESP, investigators confirmed that modifications achieved their intended outcome and were Me disculpaba cuando hacía algo malo "Me disculpaba" (apologized) is a closer translation than "pedía perdón" (asked for forgiveness) Podía salirme de una pelea English: "could" is simpler than "able to. " Spanish: "salirme" (remove myself ) is closer to "walk away from" than "alejarme" (distance myself )
Investigator created item a I used drugs for nonmedical reasons
Usaba drogas sin razón médica to "too little/too much work. " Changed "increase in" in financial stress to just "financial stress" because the stress was reportedly chronic. Similarly, the personal injury/illness need not be "major"; participants reported stress from chronic health problems. Lastly, participants in Spanish cognitive interviews reported sources of stress they felt were uniquely applicable to Spanish-speaking populations; these were added to BAST-ESP Note. Items in italics represent changes across phases. BAST = Behavioral Assessment Screening Tool; ESP = Spanish. a This is a comment/note added by the authors. It is not an original item from another survey. e249 more inclusive of cultural considerations. The process also provided participants with TBI an opportunity to engage in research and contribute their feelings about the appropriateness and completeness of survey content. This inclusiveness of target populations exemplifies patient-centered research and strengthens the validity of our findings. With no specific reference to brain injury, the BAST/ BAST-ESP contributes a valuable tool that may be applicable to numerous clinical populations. Although the small number of participants in cognitive interviews limits our study, the consistency of responses among participants suggests that we may have achieved saturation in findings, and we intend further pilot testing and psychometric validation of the BAST-ESP in the future. This article, along with the BAST development article (Juengst, Terhorst, Dicianno, et al., 2019) , may be considered a road map for other investigators to conduct systematic development or adaptation of scientific instruments for low-literacy and non-English-speaking populations. We recommend including stakeholders early and often through the assessment development process, pretesting survey materials with a sample similar to the target population, and employing the following strategies: phrase items in the first person (avoid passive verbs), phrase the entire question in each item, use single concepts for each item, use common words (avoid jargon), and strive for the fewest words possible.
